Purpose To evaluate whether psychological stress, as well as changes in hypothalamus-pituitary-adrenal (HPA) axis and sympathetic nervous system (SNS) at different time points during a first in vitro fertilization (IVF) cycle, correlates with the reproductive outcome. Methods A prospective study was conducted in 264 women undergoing IVF or intracytoplasmic sperm injection (ICSI) treatment between January 2009 and March 2010. Standardized psychological questionnaires were used to assess anxiety and depression. Norepinephrine and cortisol in serum were measured with specific assays. Results The non-pregnant women reported higher anxiety and depression scores at the pregnancy detection day compared with the pregnant group. Lower levels of norepinephrine and cortisol at the time of oocyte retrieval and lower levels of cortisol at the time of pregnancy test were found in women with successful treatment. Significant increases in serum norepinephrine and cortisol values were observed during ovarian stimulation. State Anxiety scores were negatively correlated with live birth rate, and positively associated with serum norepinephrine and cortisol values. Conclusions State anxiety is associated with both pregnancy rate and live birth rate in IVF patients, an effect that is partly mediated by activities in the HPA and SNS.
Introduction
In vitro fertilization (IVF) is psychologically and emotionally stressful. Stress before, during and/or after the IVF treatment is multidimensional. There is the chronic source of stress caused by the threat of permanent infertility and loss of hope. Another source of stress is the threat of the treatment itself, such as daily injections, blood draws, ultrasound, oocyte retrieval, and the possibility of failure at any of the various phases. The third source of stress is the risk of spontaneous abortion [1] . Oocyte retrieval and pregnancy test proved to constitute the most stressful stages of the IVF cycle [2] [3] [4] [5] .
The perception that psychological stress may prevent a woman from attaining and maintaining a pregnancy has become widely accepted, although a few studies have been unable to confirm this link [6, 7] . The variability is largely determined by differences in the time points of the assessments, and methodological issues such as the use of different standardized psychometric self-report instruments and the use of different threshold scores [8] . Until now, there are few studies that measure both the physiological and psychological aspects of psychiatric disorders during IVF and relate it to pregnancy outcome.
Psychological stressors involve the reciprocal and differential reactions of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS). Patients hospitalized for an acute major depressive episode often exhibit signs of HPA system dysregulation like hypercortisolemia [9] . There is also evidence of increased SNS outflow in these patients, e.g., tachycardia [10] or increased norepinephrine appearance in extravascular and vascular compartments [11] . So far, no clear picture emerges on the exact relationship between psychosocial stress and the release of adrenal hormones in relation to IVF/ICSI outcome. Smeenk et al. have shown that anxiety and especially depression before IVF/ICSI treatment were positively associated with urine adrenaline levels during treatment. They also observed the association of a lower adrenalin level at oocyte retrieval with an increased pregnancy chance [12] . Harlow et al. [13] showed that levels of state anxiety and concentrations of prolactin and cortisol rose during IVF treatment. However, there was no relationship between increased anxiety, hormone concentrations and pregnancy outcome. In an earlier study, we have reported that lower concentrations of norepinephrine and cortisol, both in serum and follicular fluid, were found in women with successful treatment. We propose that norepinephrine and cortisol might be an important factor in the complex relationship between psychosocial stress and outcome after IVF/ICSI [14] .
Since the majority of studies reported clinical pregnancy as the endpoint, data relating to spontaneous abortion and premature delivery are scarce. Klonoff-Cohen et al. [5] reported that live birth rate was negatively influenced by baseline stress, but not by procedural stress during IVF or gamete intrafallopian transfer (GIFT). Epidemiological evidence provides complementary findings of positive correlations between various pregnancy failure outcomes with preconception negative life events and daily urinary cortisol [15] .
For future prospective studies we recommend more exploration of the use of biomarkers to measure stress exposure in addition to perceived stress assessments. The purpose of the current study is to assess both psychological and physiological markers of stress at different time points during IVF and determine if they are related to pregnancy outcome.
Materials and methods

Patients
The data used were from women who came for the first cycle of IVF or ICSI treatment at the Centre of Reproduction, the First Affiliated Hospital of Harbin Medical University in China between January 2009 and March 2010. Only women with regular menstrual cycles and using no hormonal contraceptives could participate. Smokers, subjects with acute or chronic hormonal dysregulations, ovarian endometriosis, psychosomatic, and psychiatric diseases were excluded. All subjects should have sufficient knowledge of the Chinese language to fill out the questionnaires. Before entering the study all participants received an information sheet, provided written consent, and underwent a comprehensive medical examination. The study was approved by the clinical ethics committee of Harbin Medical University.
Psychological assessment
Women, who agreed to participate, were asked to complete questionnaires on four time points as follows: before the start of treatment (T1), the day of oocyte retrieval (T2), the day of pregnancy detection (about two weeks following embryo transfer) (T3) and, for the patients who became pregnant, 5-8 weeks of gestation(T4). Two psychological dimensions of stress were assessed in this study: anxiety and depression. State anxiety was measured by means of the Chinese version of the State and Trait Anxiety Inventory (STAI) [16] . Depression was measured using the Chinese version of the Beck Depression Index (C-BDI-II) [17] . Both questionnaires have shown satisfactory reliability and validity.
Measurement of hormones
Blood samples were collected (between 8 and 9 a.m.) at four timepoints during their treatment cycle. Five ml was drawn each time into test tubes and the serum was separated by centrifugation and stored at −20°C for the assessment of hormones. Levels of norepinephrine ( 3 H-NE, Tiangen Corp., Beijing, China) were determined by fluorometric determination after high performance liquid chromatography (intra-and interassay coefficient of variation <6 %) [18] . Cortisol was measured by radioimmunoassay (intra-and interassay coefficient of variation <10 %) after breaking protein binding with absolute ethanol using the method of Vecsei et al. [19] .
Multiple variables can impact serum NE and cortisol levels (e.g., fasting state, medications, E2 levels, etc.). To reduce these variables, the following steps were taken: all patients had serum levels checked before 8 A.M. as is the standard in our clinic and were fasting; all patients received gonadotropins and GnRH agonist in the standard IVF protocol as stated [14] . Data were collected, stored, and then analyzed after all patients' birth outcomes were recorded, approximately 12 months from start of study.
Statistical analysis
Continuous variables were compared by the use of independent t-tests and are presented as mean ± SD. Frequencies were compared between groups using the chi-square test. Multivariate logistic regression analyses were used to estimate the predictive effect of psychological scores and steroid measurements on the live birth rate. The Spearman correlation coefficient was used to express the association between psychological and hormonal measurements (twotailed). All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS version 14.0). A p-value of <0.05 was considered statistically significant.
Results
A total of 353 out of 412 participants (86 %) returned the questionnaires and were willing to collect blood specimens. For 39 women, the treatment was cancelled before oocyte retrieval. Fifty women failed to fill out one or more psychological questionnaires and were therefore excluded from analysis. Stress hormones were measured in the remaining 264 patients at T1, T2, T3 and, for the 92 women(36 %) who became pregnant, at T4. Table 1 presents characteristics on demographic and psychological variables of the participants. Pregnant and nonpregnant women demographics were consistent, which are in keeping with our previously presented studies [14] . At the pregnancy detection day (T3), the non-pregnant women reported higher anxiety and depression scores compared with the pregnant group. There was an increase in anxiety and depression scores at T2, then a slight decrease at T3 and an increase at T4, especially in pregnant group, but the level did not reach significance.
Next, hormonal levels between successfully and unsuccessfully treated women were compared ( Table 2 ). NE and cortisol levels at T2 were significantly lower in pregnant group (p< 0.001). While the cortisol levels at T3 were higher in the nonpregnant group (p00.04), but the significance was weaker.
When serum data were analyzed during the IVF cycles, significantly increase in serum norepinephrine (p00.03) and cortisol (p00.02) values were observed during ovarian stimulation. Maximum values were recorded on the day of oocyte retrieval, and then showed a downward trend in pregnant women, as well as in non-pregnant women, but the difference was not statistically significant ( Fig. 1) . In comparing the different time points of the pregnant women, significantly higher levels of cortisol were found at T4 in comparison with T2 (t04.8; P<0.01) and T3 (t02.6; P0 0.01). Even though the norepinephrine value decreased at T4, it remained higher than baseline, but the difference was not statistically significant.
We constructed a multivariable logistic regression model for the prediction of live birth rate with the measures at T4 (Table 3) . In all models we adjusted for potential biological confounders: female age, BMI, previous miscarriage, endometrial thickness and number of transferred embryos. State anxiety was significantly associated with live birth rate, even when controlling for other medical factors related to the patient or the IVF treatment (OR: 0.855, p00.03). There was no influence of depression, as well as serum norepinephrine and cortisol values, on the live birth rate. BMI, previous miscarriage, endometrial thickness and number of transferred embryos also had no influence on the live birth rate. With higher female age, there was a trend towards a decreased chance of live birth (OR: 0.955, p00.07). Table 4 shows the correlation between the State Anxiety Inventory and the Beck Depression Inventory scores and endocrine variables at different time points. State Anxiety scores were positively associated with serum norepinephrine and cortisol values. In particular, a significant positive association was found at T1 between the State Anxiety scores and norepinephrine (r00.37, p00.01) or cortisol (r00.20, p00.001) levels in serum. Norepinephrine levels at the day of pregnancy detection (r00.22, p00.02) and cortisol concentrations at the early pregnancy (r00.19, p00.04) had significant correlation with State Anxiety scores. Interestingly, there were no correlations between BDI scores and these two stress hormones.
Discussion
The present study demonstrates psychological and endocrinological differences before, during and/or several weeks after the IVF treatment. Additionally, the psychological findings and hormonal levels at various stages of treatment were compared between successfully and unsuccessfully treated women. In this study, we did not find an impact of baseline psychological factors or procedural anxiety on the pregnancy rate of IVF, although stress and distress have been found to be associated with a poorer ovarian functional response to IVFtreatment, and reduced fertilization, implantation and live birth rates [9] . One possible reason for this could be a lack of sensitivity of the instruments used. Another explanation could be that patients' answers were more positive than what they actually experienced. It has been reported that infertility patients suppress their feelings of stress because they want to show the clinic that they are functioning well both socially and psychologically [20] .
Several studies have assessed women's anxiety and general distress during the course of one treatment cycle. In one study, distress levels did not show remarkable changes in the first segment of the treatment cycle, then increased significantly at the end of the cycle, just before the pregnancy test [3] . Overall, oocyte retrieval and pregnancy test proved to constitute the most stressful stages of the IVF cycle [2, 4, 5] . In the current study, anxiety and depression levels did not show remarkable changes during the treatment cycle. Somewhat surprisingly, a slight decrease of distress was found on the pregnancy test day. This indicates a positive effect of pregnancy on emotional status for women undergoing IVF treatment. The initial serum HCG measurement was made two weeks following embryo transfer to confirm pregnancy, but before that, most patients might have known the result by a urine pregnancy test at home. When IVF results in a Fig. 1 The variation of serum norepinephrine and cortisol during the study. T1: before the start of treatment, T2: day of oocyte retrieval, T3: day of pregnancy detection, T4: 5-8 weeks of gestation for 92 pregnant women pregnancy, negative emotions tend to disappear immediately, indicating that the stress of the treatment is predominantly determined by the threat of failure. Pathophysiological changes in response to stress are extremely complex and current research endeavours focus on identifying the impact and hierarchy of individual markers involved. Previously, we have reported a relationship between low levels of norepinephrine and cortisol, both in serum and follicular fluid, and the establishment of clinical pregnancies in women undergoing IVF/ICSI treatment [14] . In the current study, We found that successful treatment was associated with significantly lower levels of norepinephrine and cortisol at the time of oocyte retrieval and lower levels of cortisol at the time of pregnancy test. So far, studies encompassing both norepinephrine and cortisol in this particular field are extremely rare. Cortisol was studied far more often over the years, thus resulting in more hypotheses. Stress-like concentrations of cortisol may block or delay follicular development and embryo implantation [21] . Furthermore, a direct effect on granulosa cells affecting steroidogenesis and an influence on oocyte quality was proposed by Michael and Cooke [22] . Demyttenaere et al. [20] indicated that women with high anticipatory state anxiety levels and high cortisol concentrations have lower pregnancy rates in IVF. This is in line with our finding. However, in most studies merely an association is presented since optimal research is hardly possible under 'in vivo' circumstances in this field.
Norepinephrine is a well-known neurotransmitter and hormone, highly elevated during stress, and plays an essential role in basic developmental processes such as embryogenesis and morphogenesis, regulating cell proliferation, differentiation, and migration [23] . Moreover, changes in the sympathetic outflow of the ovary could participate in the control of follicular development, and, thus, changes in the sympathetic input (by stress or steroidal hormones) could modify ovary function [24] . Recently, Li et al. have shown that norepinephrine levels in follicular fluid were negatively associated with the percentage of good quality embryos [25] . It was partially supported by our previous data, which indicate that norepinephrine accumulates in follicular fluid, supporting the physiological significance of norepinephrine in the local regulation of human ovarian functions.
In addition, the present work was to study the variation of serum concentrations of norepinephrine and cortisol during IVF treatment as well as explore how a possible norepinephrine or cortisol variation returned to the pre-stimulation values. As our study demonstrates, both serum norepinephrine and cortisol values increased during ovarian stimulation, while maximum values were recorded on the day of oocyte retrieval. A slightly lower, not significant, reduction in norepinephrine was found on the pregnancy test day both in the conception and non-conception group. This finding is in contrast with Smeenk et al. who didn't find any significant changes for the urinary concentrations of noradrenaline or cortisol during treatment [26] . Some of the differences could be explained by the methodology. Assays measuring cortisol in blood and urine are not necessarily measuring the same thing. Furthermore, serum cortisol values increased significantly, while norepinephrine values decreased slightly, but didn't return to baseline levels, during early pregnancy. This indicates a longterm psychological adjustment after successful IVF treatment. However, pregnancy could have introduced a bias, as it is known that serum concentrations of cortisol are increased during gestation [27] . Successful IVF was also found to be associated with increased levels of anxiety in comparison with women who had conceived naturally [28] . High stress perception is a risk factor for pregnancy outcomes include failed implantation, placentation, spontaneous abortion and preterm delivery [29] . New multi-disciplinary research on brainbody interactions triggered by stress in early pregnancy has shown that maternal biological responses, including localized inflammation in uterine tissue and sustained depression of progesterone production, challenge the endocrine-immune steady state during pregnancy, leading to serious consequences for the fetal environment [30] . Animal experiments have convincingly demonstrated that prenatal maternal stress can significantly affect the pregnancy outcome [31] . Some results suggest that stress-triggered norepinephrine could directly affect embryo development in the oviduct via adrenergic receptors and support the opinion that maternal stress can influence the embryo even in very early pregnancy [32] . In humans, it has been demonstrated that pregnancies characterized by increased maternal cortisol (commonly used stress marker) during the first three weeks after conception are more likely to result in spontaneous abortion [33] .
A statistically significant association between state anxiety and live birth rate in IVF-assisted pregnancies was found in our multivariate analysis, when adjusted for potential biological confounders: female age, BMI, previous miscarriage, endometrial thickness and number of transferred embryos. Previous studies also have identified a relationship between perceived infertility-related stress and IVF outcomes [34] . Milad et al. have shown that women with a positive serum β-HCG concentration following IVF often report very high levels of anxiety and stress. However, it does not appear that high levels of anxiety and stress result in an adverse pregnancy outcome [35] .
In our study, State Anxiety scores were positively associated with serum norepinephrine and cortisol values. In particular, a positive association was found between the State Anxiety scores and norepinephrine or cortisol levels in serum before IVF treatment. A similar association was found between State Anxiety scores and norepinephrine levels at the day of pregnancy detection, as well as cortisol concentrations at the early pregnancy. Interestingly, there were no significant correlations between BDI score and these two stress hormones. Present evidence indicates that stress may result in psychological indicators that could correlate with biological changes but not necessarily do so. Sanders and Bruce [36] established a relationship between psychosocial stress and fertility in women, independent of stress hormone levels. This complication asks for generally agreed upon parameters on how and when psychological factors should be measured and at what levels they should be considered relevant for IVF outcome.
In conclusion, State anxiety is associated with both pregnancy rate and live birth rate in IVF patients, an effect that is partly mediated by activities in the HPA and SNS. Oocyte retrieval proved to constitute the most stressful stage of the IVF cycle. We propose that the norepinephrine and cortisol concentration may negatively influence the clinical pregnancy rate of IVF treatment. Therefore, interventions aimed at reducing the influence of stress on reproductive outcome, should be part of treatment protocol.
